The determination of weight average molecular weight (M w ) and radius of gyration (R g ) of
Introduction
Combretum Cordofanum, locally known as Habeil Gum [1, 2] , is an exudate from Combretum glutinosum which belongs to the family Combretaceae. This family comprise 20 genera with approximately 600 species [3] , the largest of which are Combretum with about 370 species and Terminalia with about 200 species [4, 5] .
Species from the genus Combretum and to a lesser extent Terminalia are most widely used for medicinal purposes [4] . Combretum glutinosum leaves have traditionally been used as diuretic and for the treatment of malaria, bleeding, haematoma, billiary diseases, headache, sores, rheumatism, cholic and for wound dressing [6] . Pousset reported that the leaf decoction extracts strongly inhibit Hepatitis B virus Antigen (HBsAg) in vitro and angiotensin -converting enzyme [7] . Habeil Gum could be separated in two fractions, namely soluble part gum and gel fraction. The gel fraction contains a higher proportion of calcium ion (62.23% of total calcium in Combretum glutinosum gum) and removal of calcium ions increases the gum solubility [8] . The objectives of this work are to determine the molecular weight distribution of
Combretum glutinosum gum and study the emulsifying properties of Combretum glutinosum gum fractions and their blending with Acacia Senegal gum (Gum Arabic).
Materials and Methods
Authenticated samples of Habeil Gum were collected from forest of the Blue Nile state (Eldamazaein area). The gum samples were purified from impurities such as bark and sand and then ground using an electrical mill. All other chemicals used were of analytical reagent grade.
Preparation of soluble and deacetylated gum samples
The soluble part, deacetylated gum and calcium-free gum samples were prepared according to the standard method [9, 10] . The clear solution so obtained was freeze-dried (Dry Winner, Heto-Holten, A/S, DK-3450, Allerd, Denmark) and stored until further use. A control experiment to prepare deacetylated gum was performed with dextran.
Hydrophobic Interaction Chromatography (HIC) of Habeil Gum
Soluble part and deacetylated gum fractions were fractionated using a DIAION HP-20 packed column (50 ml, d 22 mm × h 130 mm). It is a highly porous styrenic absorbent resin with pore size of 52 nm and particle size of >250 µm. DIAION HP-20 has a strong capacity for holding hydrophobic material. The column was preconditioned with 100 ml of 1% sulfuric acid followed by washing with 500 ml of distilled water. A total of 100 ml of 10% Combretum glutinosum aqueous solution was applied to the column at a rate of 100 ml /h and the eluted fraction was collected immediately. The column was then washed with 100 mlof distilled water. The first 50 ml of the wash was combined with the collected fraction and made up to a volume of 200 ml. This constituted the designated hydrophilic component. The column was washed again with 500 ml of distilled water before introducing 100 ml of 70 v/v% methanol. The methanol eluted material constituted the hydrophobic component. The hydrophobic component was rotary evaporated at 40 °C to remove methanol and then freeze-dried along with hydrophilic component [11] .
Molecular weight distribution
The molecular weight distribution of Combretum glutinosum was determined by GPC using a Waters (Division of Millipore) solvent delivery system model 600A or P- 
Emulsion measurement method
About 50 ml of 3% w/v of deacetylated gum, calcium-free gum, blend of deacetylated gum with Acacia Senegal gum, and blend of calcium-free gum with Acacia Senegal were prepared. The solution which has insoluble matter was centrifuged at 2500 rpm for 5 minutes. Then, the supernatant liquid was filtered using 100 µm mesh size. About 25 g of 32 % (w/w) gum solutions were mixed with 0.52 ml of 
Droplet size analysis
Droplet size distribution of the emulsions was analyzed using a Mastersizer 2000 laser diffractometer (Malvern Instruments). Distilled water used as dispersant and 1.450 used as the refractive index for ODO oil. The droplet size of the emulsions was described by the volume median diameter (VMD). The ratio of the particle of 1µm or more and 2µm or more were calculated.
Accelerated Temperature Stress Test (ATST)
About 10 g of prepared emulsion sample was kept in a glass vial at 60 o C (Gallenkamp OVA031.XX1.5) and the particle size was measured at three and seven days intervals. A control experiment was performed with Acacia Senegal gum. Figure 1A , B and C show the GPC elution profiles of the freeze dried samples of soluble part gum, deacetylated gum, and calcium-free gum using light scattering (LS), RI, and UV (at 214 nm), respectively. RI is a sensitive measure of concentration, whereas UV absorbance is sensitive to the chemical nature of the eluting species, particularly the proteinaceous substance. Light scattering is sensitive to concentration and molecular mass. The summary of the molecular weights parameters of all samples are given in Table1. The weight average molecular weight of soluble part gum, deacetylated, and calcium-free gum were 2.06 ×10 The GPC chromatograms for soluble part gum and calcium-free gum sample in Figure 1 A and C showed three peaks AGP, AG and GP; while the deacetylated gum sample showed only one peak AGP ( Figure 1B ). This indicated that both the AGP and AG substances are not changed by treating the sample with sodium carbonate.
Results and Discussion
However, sodium hydroxide was found to hydrolyze AG and GP substances and the molecular mass of deacetylated gum was significantly decreased as demonstrated in control experiments using dextran (see figure 4 ). 
Alkaline deacetylation of Combretum glutinosum gum by using sodium hydroxide
The GPC-RI studies of dextran before and after treated by the same method used to prepare deacetylated gum (with 0.25 M NaOH and neutralized) were exhibited that the polysaccharide chains undergo hydrolysis form 1.48×10 6 to 2.86 ×10 5 g / mol, and the same phenomena was observed when the Combretum glutinosum gum treated with 0.25 M NaOH and neutralized to prepare deacetylated gum. Table1 and Figure 4 show the molecular mass of dextran after neutralized and freeze dried was increased from 1.48×10 6 to 3.45×10 6 g / mol, which suggests that repolymerization occurs during neutralization processes. and Figure 7 to 10 show the droplet particle size diameter of emulsion before and after the acceleration test. Emulsification stability was evaluated by the change in droplet particle size of emulsion after acceleration test and used to designate the category of the gum sample. Therefore, the gum samples which showed a change of 0.1 µm or less were classified as category 1 status (good emulsifier). A change of > 0.1-1.0 µm is classified as category 2 status. The less stable emulsions which showed a change >1.0 µm were allocated category 3 status (poor emulsifier). Table 3 ). The span ranges from 1.335 to 1.473 in fresh emulsion and 1.233 to 1.384 for emulsion stored in oven for seven days at 60 o C. Table 2 shows that lowest degree of span % (polydispersity) value and specific surface area than the starting material indicating good uniformity and increase adsorption of protein on oil droplet. Also Table 2 figure 11 show that the less change in particle size diameters (0.025µm) were found in the 1:1 emulsion blender of deacetylated gum and Acacia Senegal gum, indicating the increase adsorption of the protein on the oil droplet surface and maximum the protein/surface contact and hence reduce the droplet size.
Also this indicated that this type of blend has better emulsification properties than emulsion of Acacia Senegal gum (0.045µm), emulsion of deacetylated gum (0.035µm), and emulsion of 1:1 blender of calcium-free gum and Acacia Senegal gum (0.031µm).
Conclusion
The GPC-UV analysis shows that freeze dried soluble part gum, and calciumfree gum have three protein substances. The hydrophobic component of soluble part gum, and deacetylated gum have three substances, AGP, AG, and GP, while the hydrophilic component has one substance AGP. Sodium hydroxide was found to hydrolyze the Combretum glutinosum gum; however, sodium carbonate treatments were unable to hydrolyze Combretum glutinosum gum. From a functional application view, the whole gum and their fractions were considered a grade one emulsifier.
